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To the editor.  

Alpha-thalassemia is one of the most common 
inherited hemoglobin disorders, particularly prevalent in 
China and Southeast Asia, where carrier rates can reach 
up to 40% of the population.1 In Thailand, the 
prevalence ranges from 16% in the southern region to 
20–30% in Bangkok and the northern provinces.2,3 The 
disorder results from deletions or mutations in the two 
α-globin genes, HBA1 and HBA2, located on the short 
arm of chromosome 16.  

Non-deletional Hemoglobin H (Hb H) disease arises 
from the coexistence of α⁰-thalassemia with a point 
mutation or a small insertion/deletion affecting either 
HBA1 or HBA2 on the other chromosome 16. In 
Thailand, the most common non-deletional mutations 
are Hemoglobin Constant Spring (Hb CS) and 
Hemoglobin Pakse (Hb Pakse). Both involve alterations 
in the stop codon of the a2-globin gene, resulting in the 
addition of 31 extra amino acids at the C-terminus of the 
α-globin chain.4 Specifically, Hb CS results from a 
TAA→CAA mutation, while Hb Pakse arises from a 
TAA→TAT mutation. Another non-deletional 
mutation, Hemoglobin Pak Num Po (Hb PNP) 
(HBA1:c.396_397insT), is an α⁺-thalassemia mutation 
characterized by the insertion of a thymine (+T) 
nucleotide at codons 131/132 of the α1-globin gene.5  

The clinical spectrum of Hb H disease varies widely, 
ranging from non-transfusion-dependent thalassemia 
(NTDT) to transfusion-dependent thalassemia (TDT), 
and, in rare cases, to hydrops fetalis (“Hb H hydrops”). 
Clinical severity may also be influenced by the co-
inheritance of β-globin gene mutations, resulting in Hb 
H/β-thalassemia. Notably, non-deletional Hb H disease 
is generally associated with more severe clinical 
manifestations than deletional variants.1,6,7  

Although several studies have reported the genetic 
diversity and clinical manifestations of Hb H disease in 
Thailand, data from the northeastern region remain 
limited. This study aims to describe the clinical 

spectrum, hematological findings, transfusion 
requirements, and genetic heterogeneity of Hb H disease 
in northeastern Thailand.  
 
Methods. A retrospective cross-sectional study was 
conducted by reviewing medical records of patients 
aged 0–18 years with Hemoglobin H (Hb H) disease 
who received follow-up care at the Pediatric Hemato-
Oncology Clinic, Srinagarind Hospital, Faculty of 
Medicine, Khon Kaen University, the sole tertiary 
referral center in northeastern Thailand. The study 
period spanned January 2010 to November 2019. 
Patients with incomplete hematological data or 
unavailable molecular DNA analysis were excluded. 
DNA analysis for α-thalassemia using multiplex PCR 
was not performed in all cases due to parental financial 
constraints.  

Data collected included α-thalassemia genotypes, 
clinical characteristics, hematological parameters, and 
transfusion history. Clinical data comprised sex, age at 
diagnosis, presenting symptoms, neonatal jaundice, 
anthropometric measurements, facial changes, and 
hepatosplenomegaly. Disease-related complications 
reviewed included gallstones (detected by routine 
ultrasonography in patients >10 years), growth failure, 
and delayed puberty. Growth failure was defined as a 
height velocity below the expected range for age and 
sex, or a decrease of >2 percentile lines on standardized 
Thai growth charts.8 Delayed puberty was defined as the 
absence of secondary sexual characteristics after 13 
years in girls and 13.5 years in boys.  

Transfusion-related data included age at first 
transfusion, history of transfusions, and transfusion 
frequency. Patients were categorized as: (1) never 
transfused; (2) occasional transfusions (<6 times/year) 
for transient severe anemia triggered by physiological 
stress; and (3) regular transfusions (8–12 times/year) for 
clinical indications such as growth failure, skeletal 
deformities, or progressive splenomegaly.10 
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Transfusion-related complications, including 
autoimmune hemolytic anemia and alloimmunization, 
were recorded.  

Iron overload was assessed using serum ferritin and, 
when available, MRI with T2* analysis for liver iron 
concentration. Iron overload was defined as serum 
ferritin >800 ng/mL for non-transfusion-dependent 
thalassemia (NTDT) and >1,000 ng/mL for transfusion-
dependent thalassemia (TDT). Serum ferritin was used 
as an indirect marker of total body iron burden.  

Hematological parameters included hemoglobin 
(Hb), hematocrit (Hct), mean corpuscular volume 
(MCV), mean corpuscular hemoglobin (MCH), mean 
corpuscular hemoglobin concentration (MCHC), red 
cell distribution width (RDW), reticulocyte count, and 
red blood cell (RBC) count, recorded during steady-state 
conditions (absence of recent transfusion or acute 
illness).11  

Genotypic analysis for common a-thalassemia 
mutations was performed using multiplex-gap PCR to 
detect α⁰-thalassemia deletions—Southeast Asian (--
SEA) and Thai (--THAI)—and ⁺a-thalassemia deletions 
(-α³ꞏ⁷ and -α⁴ꞏ²). Allele-specific PCR was used to 
identify non-deletional mutations, including Hb 
Constant Spring (Hb CS), Hb Pakse, and Hb Pak Num 
Po.12,13  

Descriptive statistics summarized the data as mean ± 
SD, median with interquartile range, or percentage. 
Normality of continuous variables was assessed using 
the Shapiro–Wilk test. Group comparisons used the Chi-

square or Fisher’s exact test for categorical variables and 
the Kruskal–Wallis test for non-normally distributed 
continuous variables. A p-value <0.05 was considered 
significant. Analyses were performed using SPSS 
version 17.0.1 and Microsoft Excel.  
 
Results. 
Genotype Distribution. A total of 208 patients with 
alpha-thalassemia were followed at the Pediatric 
Hemato-Oncology Clinic, Srinagarind Hospital. 
Genotyping was successfully performed in 125 patients 
(60.0%), including 68 males (54.4%) and 57 females 
(45.6%). Among them, 42 (33.6%) had deletional Hb H 
disease, 40 (32.0%) had non-deletional Hb H, 21 
(16.8%) had deletional Hb H with β-thalassemia, and 22 
(17.6%) had non-deletional Hb H with β-thalassemia. 
The most common α⁰-thalassemia mutation was the 
Southeast Asian (--SEA) deletion (97.6%), followed by 
the Thai (--THAI) deletion (2.4%). Among α⁺-
thalassemia mutations, -α³.⁷ deletion predominated 
(88.9%), followed by -α⁴.² deletion (11.1%). Non-
deletional alpha-globin mutations were mainly Hb 
Constant Spring (Hb CS, 83.9%), Hb Pakse (11.2%), 
and Hb Pak Num Po (4.8%). Co-inherited β-globin 
mutations included Hb E (95.3%), Hb Hope (2.3%), and 
β-codon 17 combined with Hb E (2.3%).  
 
Clinical Characteristics. Clinical features are 
summarized in Table 1.  

 
Table 1. Clinical characteristics (n=125)  

  Without β-thalassemia 
 

With β-thalassemia 
 

Characteristics  Deletional Hb H 
disease (n=42) 

Non-deletional 
Hb H disease 

(n=40) 

p-value Deletional Hb H 
disease (n=21) 

Non-deletional Hb 
H disease (n=22) 

p-value 

Age of presentation (mo.), median
(IQR)  

23 (6-48) 22 (8-48) 0.711 14 (9-62) 46 (11-95) 0.496 

History of neonatal jaundice, n (%)  17 (40.5) 17 (42.5) 0.852 5 (23.8) 4 (18.2) 0.721 

Diagnosis by fever with anemia, n (%)  23 (54.8) 12 (30.0) 0.023 10 (47.6) 7 (31.8) 0.289 

Hepatosplenomegaly, n(%)  
 Splenectomy, n(%)  

12 (28.6) 
0 (0.0) 

32 (80.0) 
4 (10.0) 

0.000 
NA  

9 (42.9) 
1 (4.8) 

16 (72.7) 
0 (0.0) 

0.047 
NA 

Gall stone, n (%)  0 (0.0) 7 (17.5) 0.005 0 (0.0) 2 (9.0) 0.488 

Facial change, n (%)  8 (19.0) 14 (35.0) 0.103 0 (0.0) 5 (22.7) 0.048 

Growth failure, n (%)  6 (14.3) 11 (27.5) 0.140 4 (19.0) 3 (13.6) 0.698 

Abbreviation: IQR, interquartile range; mo, month; NA, not available. 
 

No significant differences were observed in median 
age at presentation or history of neonatal jaundice 
among the four groups. Anemia following febrile illness 
was more frequent in deletional Hb H disease than non-
deletional Hb H, both without and with β-thalassemia 
[54.8% vs. 30.0% (p=0.023), 47.6% vs. 31.8% 
(p=0.289)]. Hepatosplenomegaly was more common in 
non-deletional Hb H patients. Splenectomy was 
performed in 4 (10.0%) non-deletional Hb H patients 

without β-thalassemia due to hypersplenism and 1 
(4.8%) deletional Hb H patient with β-thalassemia for 
immune thrombocytopenia; no thrombotic 
complications occurred. Gallstones were seen only in 
non-deletional Hb H patients [7 (17.5%) without β-
thalassemia, p=0.005; 2 (9.0%) with β-thalassemia, 
p=0.488]. Facial bone changes were more frequent in 
non-deletional Hb H disease, whereas growth failure 
was similar across groups. Hydrops fetalis and leg ulcers  
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Table 2. Hematological profiles (n=125)  

Parameter  

Without β-thalassemia 

p-value 

With β-thalassemia 

p-value Deletional Hb H 
disease (n=42) 

Non-deletional 
Hb H disease 

(n=40) 

Deletional Hb H 
disease (n=21) 

Non-deletional Hb 
H disease (n=22) 

Hb (g/dL)  9.2 (8.8-9.6) 7.9 (7.3-8.8) 0.000 9.4 (8.8-9.7) 7.6 (7.2-8.4) 0.000 

Hct (%)  29.9 (28.2-31.6) 27.7 (25.7-31.2) 0.021 27.4 (25.7-29.8) 25.4 (24.4-27.1) 0.036 

MCV (fL)  54 (50-61) 67.9 (64.4-74.9) 0.000 46.4 (44.8-49.4) 54.9 (49.4-67.2) 0.015 

MCH (pg)  16.7 (15.2-19.2) 19.1 (17.9-21.4) 0.000 15.3 (14.9-16.8) 16.1 (14.4-18.2) 0.332 

MCHC (g/dL)  31 (30-32.1) 28 (26.8-29.2) 0.000 33.2 (32-34.3) 29.9 (28.9-31.5) 0.000 

RDW (%)  25.5 (24.3-27.1) 24.7 (22-26.9) 0.120 24.6 (23.0-26.2) 29.7 (25.7-30.9) 0.000 

Reticulocyte count (%)  1.6 (1.1-2.3) 6.1 (4.7-8.0) 0.000 1.0 (0.7-1.4) 3.3 (1.7-4.5) 0.000 

RBC (x106 cell/mm3)  5.6 (5.1-6.0) 4.4 (3.6-4.7) 0.000 5.8 (5.6-6.3) 4.8 (4.1-5.5) 0.000 

 
Table 3. Transfusion and transfusion-related complications (n=125).  

  Hb H disease  Hb H disease with β-thalassemia  

  
Deletional 

group 
(n=42) 

Non-deletional 
group (n=40) 

p-value 
Deletional group 

(n=21) 
Non-deletional group 

(n=22) 
p-value 

Age of first transfusion (mo.), 
median (IQR)  

24 (8-60) 24 (8-40) 0.583 17 (9-51) 53 (14.5-128) 0.160 

No. of transfusion, n(%)  27 (64.3) 36 (90.0) 0.006 7 (33.3) 18 (81.8) 0.001 

Occasional transfusion, n(%)  22 (52.4) 11 (27.5) 0.022 7 (33.3) 1 (4.5) 0.021 

Regular transfusion, n(%)  
Bone change  
Growth failure  
Progressive splenomegaly  

5 (11.9) 
 

3 (7.1) 
2 (4.8) 
0 (0.0) 

25 (62.5) 
 

6 (15.0) 
8 (20.0) 

18 (45.0) 

0.000 
 

0.307 
0.046 
0.000 

0 (0.0) 

17 (77.2) 
 

3 (13.6) 
2 (9.0) 

12 (54.5) 

0.000 
 

0.233 
0.488 
0.000 

Iron overload, n(%)  3 (7.1) 23 (57.5) 0.000 0 (0.0) 14 (63.6) 0.000 

LIC, median (IQR)  4.4 (3.4-5.3) 7.7 (4-14.7) 0.308 0 7.1 (4.4-12.3) NA 

Ferritin (Min), median (IQR)  
86 (39.5-

185) 
329.5 (192-

579) 
0.000 48.5 (29-76) 470.5 (314-563) 0.000 

Ferritin (Max), median (IQR)  
207 (106.5-

425.5) 
1171 (675-

1644) 
0.000 90.5 (80-130) 1476.5 (1140-1718) 0.000 

AIHA, n (%)  0 (0.0) 5 (12.5) 0.024 0 (0.0) 0 (0.0) NA 

Abbreviation: AIHA, autoimmune hemolytic anemia; IQR, interquartile range; LIC, liver iron concentration; NA, not available. 
 
were not observed.  
 
Hematological Profiles (Table 2). Non-deletional Hb H 
disease exhibited lower hemoglobin (Hb), hematocrit 
(Hct), mean corpuscular hemoglobin concentration 
(MCHC), and red blood cell count, but higher mean 
corpuscular volume (MCV) and reticulocyte counts 
compared to deletional Hb H disease, regardless of β-
thalassemia.  
 
Transfusion Requirements (Table 3). Although the 
median age at first transfusion was similar, more 
patients in the non-deletional Hb H group required 
transfusions. Deletional Hb H patients received 
occasional transfusions [7 (33%) vs. 1 (4.5%), p=0.021; 
22 (52.4%) vs. 11 (27.5%), p=0.022], whereas non-
deletional Hb H patients more often required regular 
transfusions for bone changes, growth failure, or 
splenomegaly.  

 
Iron Overload and AIHA (Table 3). Non-deletional Hb 
H patients had higher liver iron concentration and serum 
ferritin levels, which correlated with transfusion 
frequency. No iron overload was observed in deletional 
Hb H with β-thalassemia. Autoimmune hemolytic 
anemia occurred in 5 (12.5%) non-deletional Hb H 
patients without β-thalassemia.  

  
Discussion. Hemoglobin H (Hb H) disease poses a 
significant healthcare challenge in Southeast Asia, 
particularly in Thailand. Hockham et al.14 projected that 
by 2020, the burden of Hb H disease would be highest 
in the northeast region, encompassing both deletional 
and non-deletional forms. The increasing prevalence of 
Hb H disease can be attributed to the lack of 
comprehensive national prenatal and postnatal screening 
programs, leading to underdiagnosis and suboptimal 
disease management that exacerbate the regional 
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healthcare burden.  
This study provides valuable insights into the clinical 

spectrum and genotypic heterogeneity of alpha-
thalassemia in pediatric patients from Northeast 
Thailand. Consistent with findings from other regions, 
the most prevalent α⁰-thalassemia mutation was the 
Southeast Asian (--SEA) deletion (97.6%), whereas the 
3.7 kb deletion (-α³ꞏ⁷) represented the most common α⁺-
α-thalassemia mutation (88.9%).3,15,16 Non-deletional 
Hb H disease was mainly caused by Hb Constant Spring 
(Hb CS) (83.9%), consistent with its reported prevalence 
of 1–8% in the general Thai population.17 

Most β-thalassemia trait co-inheritance involved Hb 
E (95.3%), consistent with its high frequency in 
Northeast Thailand, approaching 40–50% in some 
minority populations.18 The broad range of clinical 
manifestations observed in HbH disease highlights its 
genetic and phenotypic complexity. Non-deletional Hb 
H disease tended to present with more severe clinical 
features than deletional forms, likely due to the 
instability of α-globin chains produced by mutated 
genes, leading to greater red cell destruction, 
splenomegaly, and increased transfusion 
requirements.3,11,15,16 Interestingly, co-inheritance with 
β-thalassemia appeared to mitigate disease severity, 
producing milder manifestations.1,16 However, Songdej 
et al.19 reported that Hb H disease co-inherited with Hb 
E could exhibit more severe anemia, though their 
findings were limited by incomplete molecular testing.  

Patients with deletional Hb H disease generally 
presented with mild anemia, modest 
hepatosplenomegaly, and minimal skeletal changes. 
Growth disturbance remains a significant feature in 
untreated thalassemia, particularly during puberty. The 
benefits of regular transfusions for growth and bone 
development were first described in 1965.20 In this 
study, growth disturbance occurred in approximately 
20% of patients, with no significant difference between 
deletional and non-deletional groups. Febrile episodes 
often preceded the first diagnosis in deletional Hb H 
disease, suggesting that many patients maintain a near-
normal life until infection or physical stress triggers 
hemolysis requiring transfusion.  

A small subset of patients exhibited growth failure, 
hepatosplenomegaly, or facial bone deformities, 
necessitating periodic transfusions. Gallstones were 
more common in non-deletional Hb H disease, 
particularly among those without β-thalassemia co-
inheritance, likely due to increased hemolysis and 
elevated reticulocyte counts. Conversely, gallstone 
prevalence was lower in deletional HbH patients and 
was not strongly influenced by β-globin gene mutations. 
Although Gilbert syndrome (UGT1A1 polymorphisms) 
has been associated with gallstone risk,4 this alone does 
not explain the observed variation. Splenectomy was 
rarely performed—mainly for hypersplenism in non-
deletional Hb H without β-thalassemia or for immune 

thrombocytopenia with intracerebral hemorrhage in 
deletional Hb H with β-thalassemia—with no post-
surgical thrombotic complications.  

Three patients with Hb H disease due to the Pak Num 
Po mutation exhibited more severe manifestations than 
those with Hb Constant Spring (CS) or Hb Pakse (PS) 
mutations, consistent with Singha et al.7 Two were 
identical twins co-inheriting heterozygous Hb E, while 
the third was a girl. Symptoms appeared early—two at 
6 months and one at 2 months—with marked 
hepatosplenomegaly, poor growth, and regular red cell 
transfusion requirements every four weeks. All three 
developed severe iron overload comparable to 
transfusion-dependent thalassemia (TDT) patients.  

Iron overload in Hb H disease may result from both 
increased intestinal absorption and transfusion therapy. 
In this study, iron overload was more frequent among 
non-deletional HbH patients, consistent with their 
higher transfusion requirements. These findings 
underscore the necessity of regular iron monitoring and 
timely chelation therapy to reduce complications 
associated with iron overload, particularly in patients 
with severe non-deletional genotypes such as Pak Num 
Po.  

This study has several limitations. Its retrospective 
design limited the depth of data collection and analysis. 
Molecular testing was not available for all patients, 
possibly leading to underestimation of true case 
numbers and genotypic diversity. The incidence of 
gallstones may also be underestimated, as abdominal 
ultrasonography was performed only in patients aged 10 
years or older. Despite these constraints, the study 
provides a comprehensive overview of the clinical and 
genetic spectrum of Hb H disease in northeastern Thai 
children. The findings highlight the variability of 
disease expression and the importance of genetic 
diagnosis, long-term follow-up, and early 
implementation of screening and management programs 
to reduce morbidity and improve quality of life in 
affected individuals.  
 
Conclusions. Non-deletional Hb H disease, with or 
without β-thalassemia, causes more severe symptoms, 
often requiring regular transfusions and leading to iron 
overload similar to TDT. Deletional Hb H disease 
usually needs only occasional transfusions during 
growth. Close, regular follow-up is essential for 
monitoring disease progression and managing 
complications in both groups.  
 
Data Availability Statement. All data generated or 
analyzed during this study are included in this article. 
Further inquiries can be directed to the corresponding 
author.  
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